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Abstract
We report here a case of sternoclavicular arthritis due to SAPHO syndrome in a 60-year-old female in which quantitative
values determined using bone SPECT/CT were useful to evaluate response. After celecoxib and alendronate sodium
hydrate therapy, the chief complaints were well relieved and post-treatment Tc-99m HMDP bone SPECT/CT examination
showed decreased uptake. The maximum standardized uptake value (SUV), peak SUV, mean SUV, metabolic bone volume,
and total bone uptake of the untreated lesion were 18, 16, 10, 17 mL, and 180, respectively, which were decreased to 8, 7,
5, 15 mL, and 75, respectively, after the treatment. In comparison with pre-treatment situation, those parameters were
decreased by �56%, �56%, �50%, �12%, and �58%, respectively, following celecoxib and alendronate sodium hydrate
therapy, likely reflecting treatment response. Quantitative bone SPECT/CT may be useful to evaluate joint inflammatory
activity and treatment response in a patient with osteoartritis.
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Introduction

Synovitis, acne, pustulosis, hyperostosis, and osteitis
(SAPHO) syndrome is a constellation of diversified clinical
features including chronic inflammatory osteoarticular le-
sions and dermatological disorders.1,2 Different terminol-
ogies have been used to describe such association between
osteoarticular and dermatological lesions. The high het-
erogeneity brings challenges to the diagnosis, management,
and research of this rare disease. Further characterization
and classification of the disease is needed. Osteoarticular
disease plays a fundamental role in the pathogenesis of
SAPHO syndrome and is mandatory for establishing the
diagnosis. All skeletal regions can get involved, showing
variable imaging features in different stages of the lesions.

In the affected skeletal sites, patients experience pain,
stiffness, soft tissue swelling, or limitation of motion. Se-
vere disability may be caused by rapidly progressing de-
structive spondylitis or spinal cord injury due to spine

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the

SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

1Department of Radiology, Hyogo College of Medicine, Hyogo, Japan
2Division of Diabetes, Endocrinology and Clinical Immunology,
Department of Internal Medicine, Hyogo College of Medicine, Hyogo,
Japan
3Department of Radiological Technology, College Hospital, Hyogo College
of Medicine, Hyogo, Japan

Corresponding author:
Kazuhiro Kitajima, Department of Radiology, Hyogo College of
Medicine, 1-1 Mukogawa-cho, Nishinomiya, Hyogo 663-8501, Japan.
Email: kazu10041976@yahoo.co.jp

https://uk.sagepub.com/en-gb/journals-permissions
https://doi.org/10.1177/20584601221128409
https://journals.sagepub.com/home/arr
https://orcid.org/0000-0002-9553-996X
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
mailto:kazu10041976@yahoo.co.jp


ankyloses. Functional impairment caused by osteoarticular
disease brings a heavy burden to patients’ health and quality
of life.

Whole-body bone scintigraphy is an effective and first-
line approach to systemic evaluation of osteoarticular le-
sions in SAPHO syndrome.2,3 However, abnormal uptake in
joint observed with planar bone scintigraphy cannot be
easily and reliably quantified, and semiquantitative visual
methods are not adequately sensitive to measure the disease
activity and actual response, even with images acquired
using single photon emission computed tomography
(SPECT). On the other hand, recent advances have resulted
in integration of computed tomography (CT) for attenuation
correction together with a sophisticated reconstruction
technique, which has enabled quantitative measurements
with SPECT/CT suitable for derivation of the standardized
uptake value (SUV).4–6 It is considered that quantitative
SPECT/CT may soon have an enormous effect as an im-
aging biomarker in the field of modern nuclear medicine and
for clinical practice. Here, we report a case of sternocla-
vicular arthritis due to SAPHO syndrome in which quan-
titative values were determined with bone SPECT/CT
measurements and found useful to evaluate treatment
response.

Case report

A 60-year-old female who was diagnosed to have palmo-
plantar pustulosis 13 years ago came to our hospital com-
plaining of pustule on the palm, anterior chest pain, and low
back pain lasting for 1 month. Tc-99 m hydroxymethylene
diphosphonate (Tc-99m HMDP) bone SPECT/CT revealed
focal and intense uptake in the right sternoclavicular joint,
reflecting active sternoclavicular arthritis (Figure 1(a) and
(b)). The patient was diagnosed with SAPHO syndrome and
had begun celecoxib and alendronate sodium hydrate therapy
for 18 months. The second bone SPECT/CT revealed de-
creased uptake in the right sternoclavicular joint, reflecting
suppression of osteoarthritis (Figure 1(c) and (d)) along with
clinical improvement.

Two SPECT/CT scans using an integrated SPECT/CT
system (Discovery NM/CT 670, GE Healthcare) equipped
with a low-energy high-resolution collimator were performed
at 3 hours after intravenous injection of 555 MBq of Tc-99m
HMDP. SPECT/CT data were analyzed using a commercially
available software package (GI-BONE, Aze Co., Ltd, Tokyo,
Japan), which provides statistics for various SUVs, such as
max, peak, and mean SUV, as well as metabolic bone volume
(MBV) and total bone uptake (TBU).7 SUVmax was defined
as the maximum concentration in the target lesion (maximum
radioactivity/voxel volume)/(injected radioactivity/body
weight). SUVpeak is defined as average activity concentra-
tion within a 1 cm3 spherical VOI centered on the “hottest
focus” within the tumor. SUVmean was defined as (total

radioactivity/VOI volume)/(injected radioactivity/body
weight). MBV (mL) was the calculated volume obtained
by the accumulation of radiopharmaceutical by placing the
tumor VOI with the margin threshold set at 40% of SUVmax.
TBU was then calculated as SUVmean × MBV. The SUV-
max, SUVpeak, SUVmean, MBV, and TBU values of the
untreated lesionwere 18 16, 11, 17mL, and 180, respectively,
which were decreased to 8, 7, 5, 15 mL, and 75, respectively,
following celecoxib and alendronate sodium hydrate therapy
(Figure 2). In comparison with pre-treatment situation, those
parameters were decreased by�56%,�56%,�50%,�12%,
and �58%, respectively.

Discussion

In the past, semiquantitative methods such as relative count
ratios based on planar scintigraphy or SPECT have been
employed. However, recent reports indicate that these are
inferior to three-dimensional quantification based on
SPECT/CT.8,9 State-of-the-art SPECT/CT produces ob-
jective quantitative data. Using results of robust algorithms
of CT-based attenuation correction, scatter correction, and
resolution recovery, SPECT/CT generates imaging voxels
denoted as units of radioactivity per volume (i.e., kBq/ml).
This is fundamentally different from traditional nuclear
imaging methods, such as planar scintigraphy, SPECT, and
nonquantitative SPECT/CT, which use counts per second
for their imaging units. With quantitative SPECT/CT, lesion
radioactivity can be normalized for injected radioactivity,
resulting in quantitative parameter values, such as percent
injected dose and SUV.4–6

Several studies have demonstrated clinical applications
of quantitative SPECT/CT for osteonecrosis of the jaw.10–12

Tofuku et al.10 evaluated quantitative bone SPECT/CT
findings in 32 patients with severe sacroiliac joint dys-
function and demonstrated that a higher SUV tended to
show greater symptom severity who also required more
advanced treatment. Suh et al.11 reported the usefulness of
quantitative bone SPECT/CT for the grade of temporo-
mandibular joint disorder and demonstrated that SUVmax
gradually increased from normal (2.82 ± 0.73) to mild or
moderately abnormal (3.56 ± 0.76, p < .05) and then to
severely abnormal (4.86 ± 1.25, p < .05). Kim et al.12

demonstrated that SUVmax of quantitative bone SPECT/
CT was highly correlated with traditional imaging param-
eters for medial compartment osteoarthritis severity of
the knee.

In conclusion, a variety of indexes, including SUVmax,
SUVpeak, SUVmean, MBV, and TBU, determined using
quantitative bone SPECT/CT findings are useful to evaluate
the activity of osteoarthritis such as sternoclavicular arthritis
as well as treatment response. The present case illustrates
that quantitative bone SPECT/CT is a useful non-invasive
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Figure 1. 60-year-old female with sternoclavicular arthritis due to SAPHO syndrome. Pre-treatment (a) whole-body planar bone
scintigraphy shows strong accumulation of 99mTc-hydroxymethylene diphosphonate (99mTc-HMDP) in the right sternoclavicular joint
and (b) bone single photon emission computed tomography/computed tomography (SPECT/CT) image shows strong focal 99mTc-
HMDP uptake in the right sternoclavicular joint. Post-treatment (c) whole-body planar bone scintigraphy shows decrease in focal 99mTc-
HMDP uptake in the right sternoclavicular joint and (d) bone SPECT/CT image shows decrease in focal 99mTc-HMDP uptake in the
right sternoclavicular joint.

Figure 2. Maximum standardized uptake value (SUV), peak SUV, mean SUV, metabolic bone volume (MBV), and total bone uptake
(TBU) of the untreated lesion were 18, 16, 11, 17 mL, and 180, respectively, which were decreased to 8, 7 5, 15 mL, and 75,
respectively, following celecoxib and alendronate sodium hydrate therapy.

Komoto et al. 3



method for the accurate monitoring of treatment efficacy in
osteoarthritis.
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